INTRODUCTION
Land use affects the rate of erosion, the level of soil moisture, the availability of soil nutrients, the return of biomass to the soil, interception, and the soil structure [PRIJONO et al. 2015] . Changes in land use can reduce the soil quality and increase the soil degradation [AGHASI et al. 2010] , causing a devastating impact on the physical and chemical characteristics, fertility and erodibility of soil. The results of several studies suggested that changes in land use in tropical ecosystems result in changes in soil characteristics. The most rapid change occurs in the chemical and biological characteristics of the soil [SCHIPPER, SPAR-LING 2000] . The changes in land use also influence the amount of runoff [LI et al. 2009] .
Infiltration is the process by which water (generally derived from rainfall) flows into the soil as a result of capillary force (water movement in the vertical direction). Once the topsoil is saturated, the excess of water flows deeper into the ground as a result of the gravity; this process is known as the percolation process [ASDAK 2002] .
The infiltration rate is influenced by a number of factors such as the physical characteristics of the soil, rainfall, vegetation cover, initial soil moisture, and fertilization [CZYŻYK, ŚWIERKOT 2017; ORUK 2011] . The physical characteristics of soil are affected by the soil textures which consist of mineral particles including sand, silt, and clay [HAGHNAZARI et al. 2015] . Another factor influencing the infiltration is land use [THORNLEYA, CANNELL 2010] .
According to Indonesian Centre for Agricultural Land Resources Research and Development (Ind. Balai Besar Litbang Sumberdaya Lahan Pertanian Indonesia), the soil in Indonesia, in terms of its parent material, is divided into two major groups, namely organic soil (peat soil) and mineral soil [SUBARDJA et al. 2014] . Mineral soil is made up of horizons consisting of 20 to 35% organic matter, or in other words, the horizons of mineral soil are approximately 65 to 80% [USDA, NRCS 2010] . The fact that Indonesia's land area lies across the equator provides benefits in terms of the tropical wet climate and the high temperature which can accelerate the process of weathering of rocks and provide a high biodiversity. In addition, the high diversity of soil parent materials provides a wide variety of nature and types of soil formed. Each type of soil has its own distinctive characteristics and properties [SUBARDJA et al. 2014] This study aimed at evaluating five infiltration models for mineral soils in the tropics with different land uses.
RESEARCH MATERIALS AND METHODS

RESEARCH MATERIALS AND SETTING
The research was conducted in a 349 km 2 watershed in Amprong, Malang. The measurements were carried out in January to March 2017. The soil samples were analysed in Soil Physics Laboratory, Department of Soil Science, Faculty of Agriculture, University of Brawijaya. The type of tests, method, and the equipment used in this research are listed in Table 1 .
The research materials were a map of the research setting and soil samples. The apparatus used consisted of a soil-sampling ring kit, and a turf-tech for measuring infiltration rate [FULAZZAKY et al. 2014] . The infiltration measurement was for one hour.
The rainfall data from 2000-2014 were obtained from National Agency of Water Resources Development (UPT PSAWS) of Bango-Gedangan, Malang, while the data on temperature, evaporation, relative humidity, and wind speed from 2005 to 2015 were obtained from the Agency for Meteorology, Climatology and Geophysics or BMKG located in Karangploso, Malang.
Five types of minerals soils samples were collected from different land uses i.e. settlements, plantations, rice fields, and forests (Tab. 2). According to the Roscoe method [ROSCOE 1975 ], a sample size of over 30 and less than 500 samples are appropriate for most studies. Due to the research schedule and the cost estimation consideration, the sampling has only collected in 39 locations with triplicates. It was reported by LEMESHOW et al. [1990] that the number of 39 sample with 95% confidence level will produce a margin error at approximately ±16%.
The research setting was located at an elevation between +500 m and +1500 m a.s.l. with the coordinates of longitude 112.65-112.94° East and latitude 7.89-8.06° South.
The data in this quantitative descriptive study were collected through the field survey. The soil sampling locations were selected by using simple stratified random sampling based on the type of mineral soil (5 types of mineral soils).
MODEL DESCRIPTION
The five infiltration models evaluated in this study were the Green-Ampt, Kostiakov, KostiakovLewis, Philip, and Horton model. 1) The Green-Ampt model GREEN and AMPT [1911] developed a physical theory that can be solved with an exact analytical so- 
Where: f(t) = the infiltration rate (mmꞏmin -1 ); F(t) = the cumulative infiltration (mm); K = the hydraulic conductivity (mmꞏmin -1 ); η = the degree of porosity, θi = the initial moisture content, ψ = the suction head (mm), t = the time (min).
The values of K and ψΔθ were obtained from observational data. KOSTIAKOV [1932] proposed the following empirical infiltration equation [SUBRAMANYA 2013] : ( 4 ) Where: f(t) = the infiltration rate (mmꞏmin -1 ); t = the time (min), a and b = the empirical parameters (a > 0 and 0 < b < 1).
2) Kostiakov model
3) Kostiakov-Lewis model
Kostiakov empirical equation has a limitation i.e. the longer the time. The lower the infiltration rate (nearly zero). This contradicts the fact that the infiltration rate will reach a constant value on a much longer time scale. To fix this drawback, the Kostiakov equation was modified into the Kostiakov-Lewis model [WALKER, SKOGERBOE 1987] : ( 5 ) Where: fc = the final infiltration rate (mm•min -1 ), t = the time (min).
4) Philip model
Philip model [PHILIP 1957 ] was developed from the RICHARD [1931] HORTON's [1940] observation about infiltration showed that the infiltration begins at an initial rate (fo) and decreases exponentially until it reaches a constant value (fc). Horton proposed an empirical equation for a condition where the rainfall intensity is greater than the infiltration rate f(t) [ABDULKADIR et al. 2011] : ( 7 ) Where: f(t) = the infiltration rate at time t (mmꞏmin -1 ), fo = the initial infiltration rate (mmꞏmin -1 ), fc = the final infiltration rate (mmꞏmin -1 ), α = a constant of the infiltration rate (min -1 ) which depends on the characteristics of the soil and plant cover.
5) Horton model
EVALUATION OF MODEL PERFORMANCE
The model performance in this study was evaluated based on the following efficiency criteria [KRAUSE et al. 2005] : 1) The coefficient of determination (denoted by r
)
The coefficient of determination (r 2 ) is formulated as follows:
Where: n = the number of observation data during the period under review, O i = the observed value of the i th model, = the average observed value, P i = the output value of the i th model, = the average output value.
2) Nash-Sutcliffe efficiency coefficient (NSE) NSE coefficient, originally proposed by NASH and SUTCLIFFE [1970] , is formulated as follows:
The range of NSE lies between 1.0 (perfect fit) and -∞.
3) Root mean square error (RMSE)
RMSE is expressed as follows:
RMSE value = 0 indicates a very satisfactory model performance.
The statistical criteria for assessing the model performance are summarised in Table 3 [ SILVA et al. 2015] . RESULTS AND DISCUSSION
CLIMATOLOGY
The average annual precipitation in the study site varies between 1,000 and 1,300 mmꞏyear -1 . Due to the influence monsoon, the rainy season occurs from November to March, while the dry season occurs from April to October. The type of climate of the study site, according to the Schmidt-Ferguson classification, is included in the C/D category which means a semi-humid area, while based on the Oldeman method, it belongs to the type C3 which is a wet area (5-6 months) [BMKG 2016] . Judging from KoppenGeiger climate classification, the climate of the study site is categorised into Aw group i.e. a tropical climate area with longer dry season [PEEL et al. 2007 ].
CHARACTERISTICS OF SOIL
The results of the infiltration tests in the field and the soil characteristics testing in the soil physics laboratory are presented in Table 4 and Figure 1 . Figure 1 shows the coefficient determination (r 2 ) of the relationship between soil properties and infiltration rate. The figure revealed that the infiltration rate of the soil was influenced by several soil properties: 54, 83% of bulk density, 46.57% of porosity, and 24.58% of soil moisture. Whereas the remaining percentage from each soil properties of 45.17%, 53.43%, and 76,42% respectively from bulk density, porosity, and soil moisture were not considered in this study due to they were influenced by the other variables.
Texture. In general, the texture of mineral soils at the study site was dominated by silt fraction (51%), sand (32.23%), and clay (16.77%).
Bulk density. HARDJOWIGENO [2002] stated that the bulk density indicates the degree of soil compaction. The higher the bulk density, the more solid the soil, which means the more difficult the movement of water into the soil. The soil in the settlements had the highest average bulk density of 1.26 gꞏcm -3 , while the average bulk density in the plantation was 1.13 gꞏcm -3 , in the forest was 1.03 gꞏcm -3 , and in the rice field was 1.02 gꞏcm -3 . Porosity and soil moisture. Soil porosity is associated with the ability of soil to absorb water. The soil porosity is also closely related to the bulk density. The more solid the soil, the more difficult the movement of water into the soil. and thus the smaller the soil porosity. The level of soil moisture content (the degree of saturation) affects the rate of infiltration; the more saturated the soil, the lower the infiltration rate [HAGHNAZARI et al. 2015] . The results of porosity analysis showed that the soil in the rice field had the highest porosity value of 56.03%, while the porosity Explanation: the codes as in Table 2 . Source: own study. Fig. 1 . The relationship between soil properties and final infiltration (fc); source: own study level of soil in the forest was 53.14%, in the plantation was 51.91%, and in the settlements was 46.26%. The greater the porosity, the greater the hydraulic conductivity and the smaller the bulk density; this is in line with DEC et al. [2008] . Regarding the soil moisture content (the degree of saturation), the soil in the rice field had the highest degree of saturation of 0.70 cm 3 ꞏcm -3 , while the degree of saturation of soil in the forest and plantation is 0.50 cm 3 ꞏcm -3 , and in the settlements was 0.49 cm 3 ꞏcm -3 .
INFILTRATION MODEL PARAMETERS
The parameters of the infiltration models are presented in Table 5 and Table 6 . Table 5 shows the correlation between the model parameters and the infiltration rate. In the GreenAmpt model, the parameters of unsaturated soil (Δθ) and suction head (ψ) are directly proportional to the infiltration rate. In other words, the more unsaturated the soil and the higher the suction head, the higher the infiltration rate. The hydraulic conductivity (K) approaches the final infiltration rate (fc) at a constant state, which means the gravity plays a more dominant role than the capillary force as the infiltration rate increases. Sandy loam soil had the highest K value; this is in accordance with BRESLER et al. [1984] stating that 24-35% of the variability of hydraulic conductivity could be connected with the content of the sand. The parameter values of Δθ and ψ correlate fairly well with the ones suggested by RAWLS et al. [1983] , while Explanation: the codes as in Table 2 ; fo observ = observed initial infiltration rate (mm•min -1 ), fc observ = observed final infiltration rate (mm•min -1 ), ∆θ = η -θi, η = the degree of porosity, θi = the initial moisture content, ψ = the suction head (mm), K = the hydraulic conductivity (mmꞏmin -1 ), a, b = the empirical parameters. Source: own study. the value of K is quite similar with the research results of ASKARI et al. [2008] and OLORUNFEMI [2011] .
Regarding the Kostiakov and Kostiakov-Lewis model, the parameter value of "b" is inversely proportional to the initial infiltration rate (fo), whereas the value of "a" is directly proportional to the initial infiltration rate (fo). Since the value of a approached the initial infiltration rate (fo), it can be concluded that the value of a is correlated with the capillary force at the beginning of infiltration. The value of sorptivity (S) in the Philip model was close to the value of the initial infiltration rate (fo). This is due to the function of S parameter which has the soil suction potential. In the Horton model the value of α is directly proportional to the initial infiltration rate (fo); the higher the α, the higher the initial infiltration rate.
COMPARISON BETWEEN THE OBSERVED FIELD DATA AND THE INFILTRATION MODELS
The results of hypothesis testing using the chi--square test at 5% of confidence level indicated that there is no significant difference between the observed infiltration rate and the results obtained from different infiltration models. The highest infiltration rate was in the forest, while the lowest was in the rice field (see The figure shown that the smallest infiltration on rice fields. This low value was caused by high soil moisture as rice fields require high amount of water. The highest of soil moisture has an impact on the infiltration rate [HAGJNAZARI et al. 2015] even though the soil has a low bulk density and high porosity.
EVALUATION OF THE PERFORMANCE OF THE INFILTRATION MODELS
The performance of each infiltration model was evaluated based on the value of RMSE, NSE, and r
.
The results of evaluation, as presented in Table 7 , suggest that Kostiakov is the best performing model, followed by Kostiakov-Lewis, Horton, Philip and Green-Ampt model. Results in Table 8 reveal that the Kostiakov model is suitable for settlements and plantations. Moreover, the Kostiakov-Lewis model is reported as the most suitable method for the rice fields, while GreenAmpt model is more applicable for forest land.
In addition, the suitability of the model on various soil textures is presented in Table 9 in which based on model performance test results, the Kostiakov model showed as the most applicable method for a wide range of soil texture.
CONCLUSIONS AND SUGGESTIONS
The results of this study have led us to conclude that Kostiakov model, compared to Kostiakov-Lewis, Green-Ampt, Philip, and Horton, is the most suitable for mineral soils with rapid infiltration rate (the final infiltration rate (fc) bigger than 0.42 mm min -1 ). This is in contrast with the results of MBAGWU [1993] , showing that that modified models of Kostiakov and Philip were more suitable.
The findings of the present study also indicate that the infiltration rate is influenced by a number of factors such as bulk density, porosity, soil moisture, and soil texture; this is in good agreement with HAGHNAZARI et al. [2015] . Moreover, the infiltration model parameters correlate closely with the initial infiltration rate (fo) and the final infiltration rate (fc). In other words, there is a correlation between the soil's ability to absorb water (representing the capillary force or horizontal flow) at the beginning of the infiltration (fo) and the gravity or the vertical flow upon reaching the final infiltration rate (fc).
As suggestion, taking into account the drawback of the Kostiakov model, namely the tendency of infiltration rate to approach zero at long elapsed times, it is recommended to use Kostiakov-Lewis or Horton model that adding final infiltration rate parameter (fc); as shown in this study, these two also showed a fairly good performance and were the next best models after the Kostiakov model.
